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INTRODUCTION

With the now widespread recognition that the prevention and treatment of osteoporo-
sis has a major impact on healthcare, the various components and contributing factors to this
condition is the subject of many recent and ongoing studies. One of these contributing factors is
vitamin D, and it is obvious from a review of the literature that there is no scarcity of research
on this topic. This vitamin is the subject of many studies even in areas other than bone health.
The Institute of Medicine (IOM) expert committee found inconsistent evidence of the alleged
role of vitamin D in conditions such as cancer, cardiovascular disease, diabetes, and immunity.
They found that the evidence existing to date is inconsistent and does not demonstrate a cause-
and-effect relationship. A quick look at just only one of the websites on vitamin D, that of the
Vitamin D Council, shows the following issues highlighted during the month of February 2013:

+ Alaska State legislator is sponsoring the House Bill to test the vitamin D levels of all
newborns in Alaska.

* According to a study published in the Pediatric Infectious Diseases Journal, vitamin D
supplementation may be needed in children with HIV.

» Professional ballerinas have a high incidence of vitamin D deficiency, improving slightly
during summer months. Dancers also are more likely to get injured during the winter, ac-
cording to research published in the Journal of Science and Medicine in Sport.

* Sunshine is good, according to new guidelines set by the Australian and New Zealand
Bone and Mineral Society and Osteoporosis Australia (ANZBMS).

* Researchers at the Chaim Sheba Medical Center in Israel recently reviewed the evidence
that vitamin D is involved in autoimmune disorders.

» Researchers in Iran wanted to know if treating patients with vitamin D and calcium would
improve their chronic pain.

« By taking 5,000 IU vitamin D every day, do you absorb enough calcium from your diet
without having to rely on supplements?

* Researchers in Mexico report that vitamin D levels among young children are surpris-
ingly sufficient compared to their United States neighbors.

Of all the possible roles of vitamin D and its implication in various fields of medicine,
its role in bone health is the only one that is based on ample scientific evidence. This review is
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a concise summary of the properties of vitamin D with emphasis
on its role in the prevention and treatment of osteoporosis and
osteoporotic fractures.

IMPORTANCE OF VITAMIN D IN OSTEOPOROSIS

Vitamin D enhances calcium absorption in the gas-
trointestinal tract and balances plasma calcium and phosphate
concentrations to ensure proper bone mineralization. In addition,
it is important for proper remodeling by osteoblasts and osteo-
clasts.

It is well recognized that the vast majority of studies on
anti-osteoporosis agents have been on subjects maintained on
calcium and vitamin D supplements. As such, adequate calcium
and vitamin D intake is part and parcel of osteoporosis preven-
tion and management.

Vitamin D deficiency causes rickets in children and
will precipitate and exacerbate osteopenia, osteoporosis, and
fractures in adults.

A low level of serum vitamin D is an independent pre-
dictor of incident falls' and many authors recommend that older
people, especially those in residential care, should receive vita-
min D in order to prevent falls.?

In men and women >65 years of age, calcium and vi-
tamin D maintained better hip and spinal BMD and protected
against non-vertebral fractures.’*

In a pooled analysis of more than 70,000 patients, Re-
jnmark, et al. showed that vitamin D with calcium reduces mor-
tality.> Although, vitamin D has been reported to play a role in
cancer, autoimmune diseases, hypertension, multiple sclerosis,
infectious diseases and other numerous conditions, the best evi-
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dence of benefit is for bone health.
SOURCES OF VITAMIN D

Vitamin D is a fat-soluble vitamin that is present natu-
rally in only very few foods such as fatty fish, fish liver oils, and
some sun-enriched mushrooms. In some countries (e.g. USA
and Canada) some products, such as milk and cereals, are forti-
fied with vitamin D and these may constitute a good source of
vitamin D. However, in most countries in the world these natural
foods and those fortified with vitamin D are not consumed in
large enough amounts to label them as adequate sources of vita-
min D. Endogenous cutaneous vitamin D triggered by sunlight
remains the major source of vitamin D, and moderate exposure
to sunlight is still the best route to get vitamin D.°

Vitamin D is present in an inactive form as 7-dehydro-
cholesterol (provitamin D,) in the two deepest layers of the der-
mis, the stratum spinosum and stratum basale. Under the influ-
ence of sunlight’s Ultra Violet B (UVB) waves at wavelengths
between 270-290 nm, provitamin D, is doubly hydroxylated by
the liver and kidneys into calcitriol. This active form then binds
to its protein in the plasma and is transported to its vitamin D
receptors in the nuclei of the target cells. (Figure 1).

RECOMMENDED VITAMIN D INTAKE IN POSTMENOPAUSAL
WOMEN

Dietary vitamin D is measured in micrograms (mcg) or
International Units (I.U), with the following conversions:

1 meg=401U
1 1L.U=0.025 mcg

There is no consensus on the exact daily vitamin D

Diet
v
7-dehydrocholesterol
in the skin —f  » Previtamin D Cholecalciferol
(provitamin D) e (vitamin D;)
Diet & :
T A ergocalciferol ____________
multivitamins > (Vitamin D,) > D
Calcitriol Calcidiol A
25-hydroxycholecalciferol

1,25-dihydroxycalciferol “+
(1,25-dihydroxy vitamin D;)

Released intoJcsrculaﬂon

Binds to VDBP

—_——
In plasma

(25-hydroxy vitamin D;)

Binds to VDR in
nuclei of target cells

~————— Physiologic effects

Figure 1: Vitamin D synthesis (VDBP: Vitamin D Binding Protein; VDR: Vitamin D Receptor).
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requirements in postmenopausal osteoporotic women. Even if
there is, it is very difficult to make an exact estimate of how
much vitamin D a woman is getting out of the various foods or
supplements she is taking, or the amount of endogenous vitamin
D she is getting out of exposure to sunlight.

The Recommended Dietary Allowance (RDA) is now
the accepted reference for the adequacy of dietary vitamin D in-
take; the reason for excluding the endogenous source of vitamin
D that is triggered by exposure to sunlight is because of concern
issues about the safety of Ultra Violet B (UVB) rays with re-
gard to skin cancer. Another reason for sunlight exclusion is that
the extent of UVB ray penetration of the skin cannot be gauged
properly because of variable factors affecting this penetration,
such as clouds and air pollution, shade, sunscreens, skin color,
latitude, altitude, season, obesity, degree of clothing, malabsorp-
tion, gastric bypass, some medications, and age.’

So these RDASs are set at levels to ensure that sun expo-
sure is not necessary in order to obtain enough vitamin D. The
Institute of Medicine’s latest RDA for postmenopausal osteopo-
rotic women <70 years is 600 1.U/day and for those >70 years
is 800 L.U. For postmenopausal women of all ages, the tolerable
upper intake level is 4000 1.U. There is no additional benefit if
the intake is higher than the RDA.

RECOMMENDED SERUM LEVELS OF VITAMIN D

The classical unit measurements of serum vitamin D
are ng/ml and nMol/L, and have the following conversion rela-
tionship:

1 ng/ml = 2.5 nmol/L
1 nmol/L = 0.4 ng/ml

The same controversy exists regarding the acceptable
serum level of vitamin D required to maintain bone health.

Serum calcidiol [25(OH)D] concentration is classically
accepted as the best indicator for vitamin D levels in the body.
The terms “inadequate”, “insufficient”, “deficient”, “low”, and
“high” have been used by different authors to mean different

things, and it is probably wise to avoid using most of them.

What we need to know is whether a postmenopausal
woman needs treatment with vitamin D supplements or not, and
to do so we need only know if she has acceptable serum levels
or not. What is “acceptable” has also been controversial, some
going as far as saying that serum 25(OH)D, concentrations of
<80 nmol/L are associated with reduced calcium absorption, os-
teoporosis, and increased fracture risk.*®

The IOM expert committee suggests that almost all
people are vitamin D sufficient at serum calcidiol concentra-
tion >50 nmol/L and are deficient at levels <30 nmol/L. Those
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between 30-50 nmol/L are at risk of having inadequate levels.
Levels above 125 nmol/L may put patients at risk of vitamin D
toxicity.

WIDESPREAD VITAMIN D DEFICIENCY

One of the missing links in the inconsistency of the
beneficial effects of antiresorptive agents is the recognition that
many of these patients are vitamin D deficient. With the recent
doubling of the daily allowance of vitamin D, even those who
were thought to be on adequate vitamin D supplementation ac-
cording to international guidelines were actually falling below
the newly introduced requirements. More than half of North
American women receiving therapy to treat or prevent osteopo-
rosis have vitamin D inadequacy.’

The prevalence of inadequate vitamin D levels appears
to be high in post-menopausal women, especially in those with
osteoporosis and history of fracture. Vitamin D supplementation
in this group is required to prevent falls and fracture, especially
in elderly and osteoporotic populations,'®!' and black women are
at an even higher risk than are white women.'> Because vitamin
D deficiency is preventable, heightened awareness is necessary
to ensure adequate vitamin D intake, particularly in northern
latitudes."?

MEASUREMENT OF VITAMIN D

The serum concentration of the singly hydroxylated
[25(OH)D] vitamin D (calcidiol) is the best indicator of vita-
min D status; it reflects total vitamin D input, both exogenous
and endogenous. Though it is inactive, it is easy to measure be-
cause it has a long half-life (15 days). The doubly hydoxylated
[1,25(0H) D] biologically active vitamin D (calcitriol) is not a
good biomarker of vitamin D status because it has a short half-
life (15 hours), and its level is regulated by PTH, calcium, and
phosphate.

The most common assays used to measure serum vita-
min D levels are: Competitive protein binding, high-performance
liquid chromatography, and radioimmunoassay. However, there
are many problems in clinical measurement of serum vitamin
among patients, and one should be very careful in interpreting
the results.® Without proper cross calibration. Interlaboratory
variations and differences among different assays may give false
results.'

A drawback of measuring calcidiol rather than cal-
citriol is that an osteoporotic patient with a kidney disease may
have adequate levels of the inactive vitamin D and yet be de-
pleted of the active form because of lack of hydroxylation by the
kidneys. In patients with kidney disease, it is advisable to give
alfacalcidol, instead of regular vitamin D, because it is doubly
hydoxulated into the active form without passing through the
kidneys. Inadequate metabolism of 25-OH-D to 1,25(OH)2D
contributes significantly to decreased calcium absorption in os-
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teoporotic and even in elderly normal women. In osteoporotic
women this abnormality could be due to their decreased parathy-
roid hormone secretion and increased serum phosphate, and in
these elderly subjects there may even be a primary abnormality
in the metabolism of 25-OH-D to 1,25(OH)2D."

TREATMENT OF VITAMIN D DEFICIENCY

Many specialists in the field of osteoporosis have now
opted to give their patients enough vitamin D in doses above the
recommended daily requirements, without resorting to labora-
tory determination of serum vitamin D levels. This is based on
the fact that serum vitamin D tests are quite expensive in many
countries, vitamin D deficiency is widespread in many countries,
even those blessed with a lot of sun, lab results are inconsistent
even when performed in the same lab, there are imperfections in
many of the methods that measure serum vitamin D levels, and
finally vitamin D toxicity is quite uncommon. This rare toxicity
is partly due to the fact that increased calcitriol levels inhibit
PTH, causing calcitriol production in the kidney to decrease.
Renal 24-hydroxylase activity further limits the availability of
calcitriol by creating inert metabolites of both calcitriol and cal-
cidiol. The 24-hydroxylase gene is under the transcriptional con-
trol of calcitriol, thereby providing tight negative feedback.'

It is reasonable to say that natural and fortified foods
are not enough to treat vitamin D deficiency, let alone maintain
normal vitamin D serum levels. In people with suspicious skin
lesions, such as melanomas, and in those at risk of developing
skin cancer, the safest and cheapest way of treating deficiency
is through vitamin D supplements. The problem with this is the
lack of expert agreement on which to base firm recommenda-
tions. Scottish Intercollegiate Guidelines Network (SIGN) in
their 2003 guideline on osteoporosis recommend a vitamin D
supplement as low as 800 IU for deficient patients'” compared
to Pearce and Cheetham who recommend a loading dose of 20
000 IU per week for 8-12 weeks if serum vitamin D <25 nmol/l,
followed by maintenance at 1000-2000 IU daily.'"® A common
practice is to start with a loading dose of 50,000 I.U weekly
for 3 months, followed by serum level determination; if this is
normal, a maintenance dose equal to the recommended RDA is
given with close monitoring. If the serum level is still below
50 nmol/L (20 ng/ml) the same protocol is repeated. Note that
higher doses may be required in obese individuals because of
sequestration of vitamin D in adipose tissue. Another protocol
is to give 4,000 IU vitamin D3 daily or 30,000 IU weekly, then
maintain at daily 2000 IU."

A Mega intramuscular doses of vitamin D have recent-
ly been advocated.?*?> Many physicians have started giving high
doses of vitamin D empirically without resorting to blood tests.
Is this acceptable? We will have to wait and see.

CONCLUSIONS

Vitamin D is an intriguing vitamin; so much so that
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there is barely any disease with which it has not reportedly been
associated. Its most important role, however, is in bone health.
The recommended daily requirements and the desirable serum
levels, though mostly standardized, are ever changing. Vitamin
D serum level measurements are sometimes erratic, and better
methods need to be sought. The ever-changing treatment pro-
tocols of vitamin D deficiency will probably keep changing as
long as the whole scope of the role of vitamin D is yet to be
discovered.
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